Fusarium Head Blight (FHB), or head scab, primarily caused by Fusarium graminearum Schw., is a destructive disease of wheat (Triticum aestivum L.). It has reemerged worldwide as a disease of economic importance. Damage produced by the fungus includes: reduction of yield, mycotoxin contamination (DON), discolored, shriveled "tombstone" kernels and reduction in seed quality. The disease also reduces the test weight and lowers the market grade. Thus, there is great interest among breeders in selecting for resistance to both traits of DON and fusarium damaged kernel (FDK). This study was conducted to determine the effect of mass selection for FHB resistance using an image-based optical sorter compared to other methods. Fusariun damaged kernel (FDK) percentage on a count basis is more accurate than the weight basis, which was obvious in the visual estimate method although they were highly correlated. Visually adjusting the scabby portion (output of air separation machine) increases the accuracy of FDK percentage. Moderate correlations existed between FDK and DON measured by using traditional methods (FDK on basis of visual estimate, FDK on basis of air-separation, traditional methods of DON measurement), NIR, and image-based optical sorter. DON was correlated better with FDK measured by the image-based optical sorter than FDK measured by the airseparation machine, NIR, or a visual estimate. The image-based optical sorter is easier to run, not timeconsuming compared to other methods since the speed of sorting can be adjusted according to the user, and its ability to detect variation among the populations at 0.05 level of significance. Over the twenty populations tested, the data suggest that the image-based optical sorter effectively provides a better way to assess FDK and DON. This method could accelerate FDK and DON assessment, and can be a great tool for breeding programs to assess and select for low FDK and DON.
I. INTRODUCTION
Fusarium head blight (FHB), caused by Fusarium graminearum Schwabe, is one of the most devastating diseases worldwide; it reduces yield, quality and economic value of wheat (Triticum aestivum L.) and barley (Hordeum vulgare L.) (1) . In recent years, head scab has reemerged as a disease of economic importance throughout the world. In the United States and Canada, the reemergence of Fusarium Head Blight in the 1990s has caused epidemics on barley and on all classes of wheat with varying severity (2) . Wheat and barley losses caused by FHB epidemics in the United States during the 1990s were close to $3 billion, and FHB ranked as the worst plant disease to hit the nation during the past seven decades (2) .
Host resistance is considered to be the most practical and effective strategy of controlling wheat scab, although breeding has been hindered by the complexity of the resistance, a lack of effective resistant genes, and disease assessment difficulty and cost (3, 4) . Resistance to FHB is controlled by multiple genes whose effects are greatly influenced by the environment (5, 6, 7) . This complexity limits our understanding of the resistance mechanisms and has made breeding of FHB resistance very difficult and time consuming (6) . Several different assessment methods have been used depending on types of resistance (8, 9) . Five resistance components have been characterized, and each require different methods of assessment (9) . Type I, resistance to initial infection, assessed using spray inoculation with Fusarium spores or spreading Fusarium infected grain or plant debris directly on the soil and evaluation of the number of infected spikes. Type II, resistance to disease spread within spike, assessed by point inoculation of a middle spikelet in the head and evaluating expansion of disease symptoms that spread from the middle inoculation point in each spike (9, 10) . Type II resistance evaluation is routinely done in greenhouse experiments and measured by scoring the number of infected spikelets 14-21 days postinoculation (6) . These types are the two major forms of resistance to FHB (11) . Type III, resistance to kernel infection is assessed by counting the proportion of visibly damaged kernels. That is, the measurement of kernel number reduction, kernel weight, test weight, or visual estimates of FDK are common measurements to assess Type III resistance (9, 12) . Type IV resistance is the tolerance to Fusarium (12) . Tolerance to disease shows differences in the final yield when no significant disease symptom differences appear (13) . It is the ability of the plant to endure the effect of parasitic infection levels. If this occurs at equivalent levels with other plants of the same and similar species, this would cause greater improvement of growth or yield (9) . This type of resistance is assessed by calculating and comparing plot yields that are affected by FHB with similar plots without FHB symptoms (3) . Type V, resistance to toxins such as DON by decomposing or inactivating them (nonaccumulation), is evaluated by analysis of mycotoxin amount in grain by using different methods like DON test kits (1, 10) and near infrared (NIR) reflectance (15) .
Yield loss and DON contamination are the main concerns related to FHB. Direct assessment of FDK and DON is expensive and time consuming for both types of resistance (resistance to kernel infection and mycotoxin accumulations) (33, 11, 16) . The shortage of seeds in early generations makes it difficult to work with these two types of resistance (3). However, chaff and FDK assessment are the most practicable methods for FHB assessment in early generations, which means one should utilize Types I, II, and III. (9, 16) .
Methodologies of assessment of Type I and Type II resistance are imperfect and have important drawbacks for the following reasons:
1-Grain damage might not be reflected accurately through incidence and severity measurements (9, 12, 16) 2-It is difficult to take notes in more than one location at the same time difficult, and the evaluation would be personnel-dependent (16). 3-A different optimal time of evaluation for each genotype makes the determination of the best time for symptom measurement difficult (16) . Environmental factors of temperature and humidity affect symptom expression and disease spread which then affects the optimum time of reading and rating assessment (12,16) 4-Incidence and severity measurement of spikes has to be done based on a arbitrary sample; choosing a random sample from each plot in an effective way is difficult (16) Type III resistance to kernel infection, is evaluated in more direct ways, which avoids the drawbacks listed above. It directly measures FDK, and sampling randomization is not a problem since grains are mixed before taking a sample; timing is not an issue since the assessment is done after harvesting all plots and the results will not be modified depending on the time, and having several locations is not a problem since all grain samples come from different locations and are evaluated in the same place (16) .
FDK measurement is a good way to assess FHB, as several studies corroborate. It could be more efficient than chaff symptom evaluation (15, 16) . Visual comparison and manual separation are two different ways of FDK evaluation (12, 16, 17) . Visual comparison is a subjective method although it is not as time consuming as other methods. Manual separation is a much more effective way of FDK assessment but it is very time consuming (16) .
Several approaches could be used for assessing FDK: digital image analysis (2, 16) , air separation (for example, the machine developed from the Precision Machine head threasher and Shop-Vac vacuum) (15, 16) , near (7, 15) , and hand counting with visual evaluation to separate damaged and healthy grain. The objectives of this study were 1) to assess methods of measuring FDK based on optical sorter separation, hand counting, air separation, and NIR and 2) to assess the value of these methods in predicting DON concentration.
II. Materials and Methods
Twenty sets of F 4 wheat populations of inbred lines from 2 and 3 way crosses were evaluated in this study in 2012 (Table A. 3.4) . Seeds from the non-selected base population and seeds from two cycles of selection (C 0 , C 1 , C 2 respectively) of each population were planted on 1 November 2011. The populations were grown in 6-row, 3-m-long plots on Spindletop Research Farm (38°7'37. 81'' N, 84°29'44. 85'' W; Maury silt loam [fine, mixed, semiactive, mesic Typic Paleudalfs]) near Lexington, KY using an non replicated design. Seed quantities precluded the use of replication. Recommended agricultural practices for wheat production in Kentucky were followed (18, 19, 20, 21, 22) .
III. Field disease evaluations
Daily heading notes were taken in the field. Plots that headed first were scored for disease first. Disease incidence was calculated as the number of visually infected spikes per plot divided by the total number of spikes (on a basis of 100 heads per plot). The readings were taken 28 days after the heading date in 2012 because it was a dry year (In normal years, reading are taken between 21 and 24 days after heading).
Assessing disease severity was done by counting the number of visually infected spikelets in 30 infected heads and dividing that number by the total number of spikelets per head. The scoring was done 28 days after heading date. Height (cm) of three plants per plot during the seed-filling period was recorded and averaged.
IV. FDK Assessment Methods
The six-row plots were harvested with a small plot combine with a minimum of forced air to minimize light seed loss at harvest maturity. Plot samples were carefully cleaned (manually) with a minimum of forced air for the same reason. Containers that hold approximately 15 grams of grain were used for taking samples from each plot yield sample for FDK and DON assessment. These samples were evaluated for FDK visually and counted by hand. Six hundred kernels were taken from each sample and then separated by hand into two fractions of scabby and asymptomatic kernels. These fractions were counted and weighed. Kernel number and weight of each fraction were entered into a Microsoft Excel (2007) spreadsheet that was used to calculate FDK proportion for each sample using the following formulas: Samples (approximately 15 g) were run into an air-separation machine specifically developed from a Precision Machine head thresher and a Shop-Vac vacuum to separate infected kernels from healthy kernels (16) . The FDK evaluation took around 50 seconds per sample, and the net time that seeds were run into the machine by exposing them to the air was 10 seconds. Two fractions from each sample using this machine were obtained. The lighter portion of wheat (estimated as scabby kernels) was weighed, and mixed with the heavier portion of wheat (estimated as healthy kernels) and weighed again to get the total weight of each sample. Visual estimation of FDK was scored for the light portion to have an adjusted weight of the scabby portion. Visual estimation of the scabby fraction was taken to make an adjustment for the scabby weight because in some samples researchers observed some asymptomatic That was not because of the differences between symptomatic and asymptomatic weight, but because of the differences between the size and the weight of different varieties, in which some asymptotic kernels weigh more or less than others of the same size. Data was entered into a Microsoft Excel (2007) spreadsheet that was used to calculate FDK proportion for each sample using the following formulas:
FDK (%) = ( SSW / TSW ) * 100
For adjusted FDK after multiplying the light portion by visual proportion the formula was:
FDK (%) = ( JSW / TW ) * 100
Where: SW = Scabby seed weight (g) TSW = Total seed weight (g)
The same samples were run into an optical sorter followed by NIR analyzer, and subsequently sent in coin envelopes to the University of Minnesota DON testing Lab for DON analysis. DON concentration (ppm) was measured by gas chromatography with mass spectrometry (GC-MS) according to (Agostinelli, 2009 ). The optical sorter was manufactured by USDA / ARS, and National Manufacturing CO. A calibration developed based on the 2012 crop was used to sort the samples. Physical properties such as grain size, color and weight impact the sorting operation. This occurs when the grain drops from the channel that it travels through and is exposed to the camera. The properties of grain weight and size could affect how fast kernels drop, are photographed, compared by the computer against the calibration and when perceived as a reject, elicit the action of the air gun which blows kernel into the reject container. The most important measurement for this device is grain color. Symptomatic and asymptomatic portions were obtained and these fractions were weighed. Data was entered into a Microsoft Excel (2007) spreadsheet that was used to calculate FDK proportion for each sample using the following formula:
FDK (%) = (SSW / (SSW + ASW)) * 100
The samples were also run on an NIR analyzer manufactured by Perten Instruments. Two calibrations were built by the University of Kentucky Wheat Breeding Program and the manufacturers on the basis of 2012 FDK and DON data measured by air-separation and GC-MS, respectively. One calibration was made using all lines and the other with excluding outliers.
V. Statistical analysis
Proc CORR (SAS 2009) was used to analyze the relationship among the FDK methods of assessment and FHB traits. Data were plotted using Microsoft Excel (2007) to study the relationship among FDK assessment methods and FHB traits and calculate r 2 .
Fusarium damaged kernel methods of assessment and agronomic traits was estimated using the following model:
Y ij = μ + α I + β j + E ij
Where: Yij = the observation in the ith genotype in the jth selection cycle, μ = the overall mean, β j = the effect of selection, the effect α i = the effect of genotype, E ij , the residual error. Data were analyzed using the General Linear Model procedure (Proc GLM; SAS 2009, proc REG; SAS 2009, and proc ANOVA; SAS 2009). ISSN: 2618-1479 Volume 9, No.2 ,(2019) 
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VI. Result and Discussion
A. Comparing methods with each other
Fusarium damaged kernels (FDK) estimated by visual assessment on the basis of weight had a strong statistical correlation (r 2 = 0.91; Figure 1 ) with visual assessment of FDK percentage on a count basis (n= 600 kernels a sample). With other FDK methods of estimation, FDK percentage on a count basis was correlated slightly higher than when comparing with visual estimate on the basis of weight. The two near infrared reflectance (NIR) calibrations (r 2 = 0.94; Figure 2 ) NIRFDK1 and NIRFDK2 were strongly correlated for both FDK and DON with each other. The relationship between NIRDON1 and NIRDON2 was also strong (r 2 = 0.98). Fusarium damaged kernel percentage on the basis of air-separation machine was highly correlated (r 2 = 0.92; Figure 3 ) with adjusted air separation FDK (adjusting the scabby weight portion after multiplying it by the visual FDK estimate to that portion), and the adjusted FDK was correlated slightly higher with all other variables as compared to air separation FDK without adjusting it.
Adjusting the air separation FDK seems to be a good way to increase the accuracy of FDK measurement because the output of this machine is not perfect and the scabby kernel portion for some samples contained some healthy looking kernels. It should be noted that the healthy portion had a percentage of scabby looking kernels as well. The reason why NIR measurements of FDK and DON were weakly significantly correlated with other methods of FDK and DON estimates (except for the optical sorter, in which correlates were moderately related (r= 0.40) for NIRFDK2, and (r=0.38) for NIRDON2 (Table 1 ) might be because 2012 material came from a dry non-favorable disease environment year for the disease. DON was weakly related to the other FDK and DON assessment methods, with the exception of the optical sorter FDK method, which was moderately correlated (r= 0.37), and rating (r= 0.46), index (r= 0.44), and heading date (r= 0.46) ( Table 1 ). The optical sorter FDK estimate was better in estimating FDK comparing with other methods because it is the only method that had moderate correlation with DON (r=0.37), NIRFDK1 (r=0.37), NIRFDK2 (r=0.41), NIRDON1 (r= 0.35), NIRDON2 (r=0.38), air separation FDK (r=0.42), and adjusted air separation FDK (r=0.39) ( Table 1) .
B. Comparing all methods to traditional method of DON assessment
Comparison of all the methods to DON (ppm) showed that the image based optical sorter is the best predictor of FDK percentage and DON. Comparing all of the methods with each other and with field data of FHB traits (plant height, heading date, incidence, severity, index, and rating), the same method was related to all FDH traits ( Table 1 ). An advantage of this device is that the calibration could be changed according to the environmental conditions each year, and also it shows consistency of measurement.
C. Relationship between FHB traits
The correlation between DON and plant height was r=-0.31 ( Table 2 ). The taller the plant, the lower the DON level was. Heading date was correlated moderately with DON (r=0.54), which means the later the heading dates, the higher the mycotoxin levels. The same relationship was found with FDK, but with lower correlations of FDK (r=0.40) on the basis of the image-based optical sorter. FDK and DON were correlated negatively with yield (Table 3 .2). DON was moderately correlated with rating (r=0.46), incidence (r=0.48), and FHB index (r=0.44). That means these traits reasonably are good predictors of DON (Table 1) . ISSN: 2618-1479 Volume 9, No.2 ,(2019) Table 3 presents the ANOVA of all populations together and all other variables (visual estimate, optical sorter, air-separation, NIR, DON, severity, incidence, index, plant high, heading date, yield, and rating). It shows that the image-based optical sorter, near infrared reflectance (NIR) measurement, vary in their ability to detect variation among the populations. (NIRFDK1, NIRFDK2, NIRDON1, and NIRDON2) heading date (HD), rating, yield, and deoxynivalenol (DON) , Lexington, KY, 2012. 
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Table 1: Pearson correlation coefficients between visual estimate on weight basis (Visual_W) and on a count basis (n= 600 kernels) (Visual _C), FDK assessed by air separation machine (AIR_S), FDK assessed by air separation machine with adjustment to scabby portion (AIR_S_J), FDK assessed by image-based optical sorter (S_FDK), DON and FDK assessed by near infrared reflectance (NIR) using two different calibrations
